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INTRODUCTION
Induction of anesthesia in patients with heart disease is hazardous because the impaired circulatory system is less tolerant of depression. 1 The primary goal during coronary artery bypass grafting (CABG) surgery is attenuation of sympathetic responses to noxious stimuli, such as laryngoscopy, intubation, skin incision, sternal splitting, and spreading. Hypotension caused by vasodilation and cardiac depression due to anesthetic drugs should also be avoided.
No single anesthetic agent is suitable for all CABG patients, and many drug combinations have been used to achieve hemodynamic stability. Following induction and intubation, the anesthetic course is typically characterized by an initial period of minimal stimulation that is frequently associated with hypotension, followed by periods of intense stimulation, such as skin incision and sternotomy, that can produce tachycardia and hypertension; anesthetic agents should be used appropriately in anticipation of these events. 1, 2 The dissociative agent ketamine is a potent analgesic at sub-anesthetic plasma concentrations, with an elimination half-life of 2.17 h in patients who were not premedicated. It elevates arterial blood pressure, pulmonary artery pressure, and heart rate due to sympathetic stimulation. Benzodiazepines, the most effective agents for attenuating these cardiovascular effects, cause an increase in plasma ketamine levels and prolong the redistribution and elimination half-lives. 3, 4 There is no clear consensus as to the use of ketamine in any combination for patients undergoing CABG surgery. Some studies found it to be satisfactory, [5] [6] [7] while others fail to confirm this finding. [8] [9] [10] The aim of this study was to evaluate the hemodynamic and analgesic effects of ketamine, as compared with propofol, when used for induction of anesthesia in patients undergoing elective CABG surgery.
MATERIALS AND METHODS
After obtaining approval of the Ethics Committee of the Hospital as well as the written informed consent of all study participants, thirty patients between the ages of 35 and 75 who were grades three and four based on the Classification of the American Society of Anesthesiologists and who were scheduled for elective CABG surgery were enrolled in this study. All patients who participated in this prospective study had good left ventricular function (left ventricular ejection fraction > 40%; left ventricular end-diastolic pressure < 15 mmHg). Patients with valvular disease, diabetes mellitus, misuse of alcohol or drugs, or severe hepatic and renal insufficiency, as well as those who were undergoing a reoperation, were excluded.
All patients continued their medications up to the day of surgery and were pre-medicated with intramuscular morphine at 0.1 mg.kg -1 one hour before surgery. Hemodynamic monitoring consisted of a fivelead electrocardiogram, radial artery cannulation, and a pulmonary artery catheter (Baxter Healthcare Corp., Irvine, CA, USA) placed through the right internal jugular vein. All catheters were inserted before the induction of anesthesia, under local anesthesia and sedation, with a total dose of 0.07 mg.kg -1 midazolam. Heart rate (HR), systolic arterial blood pressure (SAP), diastolic arterial blood pressure (DAP), mean arterial blood pressure (MAP), central venous pressure (CVP), mean pulmonary artery pressure (PAP), mean pulmonary capillary wedge pressure (PCWP), and cardiac output (CO) were measured. CO was measured using the mean of the three values obtained by the thermodilution technique. The cardiac index (CI), the stroke volume index (SVI), the left and right ventricular stroke work indices (LVSWI and RVSWI), the systemic vascular resistance index (SVRI), and the pulmonary vascular resistance index (PVRI) were calculated from the standard formulae. ST-segment analysis and trending were monitored. A positive deflection of 2 mm or a negative deflection of 1 mm indicated myocardial ischemia.
The data were measured at: (T1) before induction of anesthesia, (T2) one minute after induction, (T3) one minute after intubation, (T4) three minutes after intubation, (T5) five minutes after intubation, (T6) ten minutes after intubation, (T7) one minute after skin incision, and (T8) one minute after sternotomy.
After catheterization, the first hemodynamic measurements were completed in 15 min, after which anesthesia was administered. Patients were randomized to receive either ketamine (Group K) or propofol (Group P) using a computer-generated table of random numbers. For induction, fentanyl 5 mg.kg -1 was given to both groups over 30 s. In group K (n=15), patients were induced with ketamine (Ketalar®, Eczacibasi, Luleburgaz, Turkey) 2 mg.kg -1 , which was injected over 30 s. In group P (n=15), propofol (Propofol 1% Fresenius, Fresenius Kabi Deutschland, Bad Homburg, Germany) 0.5 mg.kg -1 was injected into a freely running infusion of saline solution over 30 s. If this approach was not sufficient, additional 10 mg boluses were administered every 10 sec until there was loss of the eyelash reflex. Rocuronium (0.6 mg.kg -1 ) was given over five seconds to both groups. Measurements were started one minute after the injection of rocuronium during mask ventilation with 100% oxygen and took 45 sec to complete. Tracheal intubation was performed two minutes after rocuronium administration. The durations of laryngoscopy and intubation were recorded. Patients breathed 100% oxygen throughout the induction sequence, and ventilation was assisted manually when necessary. After intubation, the lungs were ventilated with an air-oxygen mixture (FIO 2 0.6) using a ventilator (Cato, Draeger, Lübeck, Germany) adjusted to give an arterial PCO 2 of 4.7-5.3 kPa. Anesthesia was maintained with 0.5-2% sevoflurane, and additional rocuronium and fentanyl were administered as necessary. The end-expiratory sevoflurane concentration was adjusted according to clinical responses, such as hypertension (20% increase from baseline), hypotension (20% decrease from baseline), tachycardia (20% increase from baseline), bradycardia (20% decrease from baseline), lacrimation, movement, grimacing, eye opening, or coughing. The duration of anesthesia from induction to skin incision and sternotomy, as well as any supplemental doses of fentanyl were recorded. The amount of sevoflurane in milliliters used was measured after completion of each study period by refilling the vaporizer, which initially had been completely full. The observer who recorded all measurements was blinded to the induction agents.
A response to tracheal intubation of an increase in either HR or MAP >20% from baseline (T1) was regarded as clinically significant and was treated with intravenous nitroglycerine (0.25-0.5 mg i.v.). For reductions in SAP to less than 90 mm Hg, the patient was placed in the Trendelenburg position (up to 30°), and lactated Ringer's solution (5-7 mg.kg -1 ) was infused. If these interventions were insufficient, inotropic support (dopamine or dobutamine; 5 µg.kg -1 .dk -1 ) was begun. When bradycardia occurred (HR<40), 0.5 mg atropine was injected. Intravenous fluid infusions were not started until arrival in the operating room and were restricted to less than 1 L of a crystalloid solution during the study period for all patients.
Statistical analyses were performed with the software package SPSS ® , version 11.5 (SPSS, Inc, Chicago, IL). Data were presented as mean values ± standard deviation. Differences from baseline were evaluated by the Wilcoxon signed rank test. Comparison of the percent change values between the groups was performed via a Mann-Whitney U-test and a Kruskal Wallis test when appropriate. A value of p < 0.05 was considered significant.
RESULTS
Preoperative drug therapy and demographic data are listed in Table 1 . Patients in the two groups were similar with respect to age, weight, surface area, and gender. There were no episodes of laryngospasm, bronchospasm, chest wall rigidity, excessive secretions, or prolonged (>30 s) intubation attempts in any patient. The average total period of induction was 75 seconds.
One patient received an additional 10 mg propofol injection to obtain loss of the eyelash reflex. The endexpiratory sevoflurane concentrations and sevoflurane consumption were similar in both groups ( Table 2) . The time to the first incision and to sternotomy after induction of anesthesia did not differ between groups (Table 3) .
Hemodynamic changes are summarized in Table 4 . There were significant changes in the values of the measured and calculated hemodynamic variables when compared with baseline (T1). The significant changes between the groups were recorded in MAP and SVRI (Fig. 1A-B) . At T2, MAP and SVRI in group P decreased significantly more than group K (p<0.01). There were no significant changes in HR, PAP, PCWP, PVRI, SVI, LVSWI, and RVSWI at any measurement time between the groups.
There were no significant changes in the ST segment between or within the groups.
Supplemental doses of fentanyl, 1050 µg and 1200 µg, were administered after skin incision to eight patients in group K and twelve patients in group P. There was no difference between the groups with respect to the total use of fentanyl. Only one patient in group K was treated for hypertension one min after intubation; two from group P were hypotensive after induction. All patients responded to the initial treatments.
DISCUSSION
This study investigated the hemodynamic and analgesic effects of ketamine 2 mg.kg -1 in combination , from induction until the end of sternotomy in patients undergoing CABG surgery. The probable length of the ketamine effect is approximately 30 min. Thus, we planned to follow the course of anesthesia until the end of sternotomy, which usually occurs within 30 min. For the control group, we used propofol in combination with an opioid, which has been shown to be suitable for the induction of anesthesia for CABG in patients with both normal and low cardiac output states. [11] [12] [13] A major feature that distinguishes the effects of ketamine from those of other intravenous anesthetics is the increase in blood pressure and heart rate. However, in this study, we observed hypertension only one minute after intubation and did not observe tachycardia. The use of midazolam and fentanyl in combination with ketamine blunted the hemodynamic response to tracheal intubation, but there was no significant decrease in MAP or SVRI, as seen in group P. Induction with ketamine, 2 mg.kg -1 , and midazolam, 0.2-0.4 mg.kg -1 , was associated with a hypertensive and tachycardic response to tracheal intubation in 25% of cardiac surgical patients 14 ; however, this response was only observed in patients who were preoperatively hypertensive. No normotensive patients exhibited a significant hemodynamic response. Opioids were not used during induction.
14 The study of Gordon et al., 9 which compared the ketaminemidazolam combination with sufentanil for rapid sequence induction of anesthesia for CABG surgery failed to confirm the hemodynamic stability of ketamine, but they did not add any opioids during induction. 9 Schulte-Sasse et al. 15 analyzed six different anesthesia induction procedures, which are as follows: thiopentone, etomidate, ketamine, Groups  T1  T2  T3  T4  T5  T6  T7  T8 6.9±5.2* 2.6±1.5* P: Group P (patients who were given propofol during induction); K: Group K (patients who were given ketamine during induction); HR: heart rate (beat. min ); T1: Prior to induction of anesthesia, while the patient was awake; T2: one minute after induction; T3: one minute after intubation; T4: three minutes after intubation; T5: five minutes after intubation; T6: 10 minutes after intubation; T7: one minute after skin incision; T8: one minute after sternotomy. *p<0.05 compared with T1; ¶ p<0.01 compared with T1;  P<0.001 compared with T1 althesin, diazepam, and flunitrazepam in CABG patients. They concluded that none of these procedures was associated with cardiovascular stimulation during laryngoscopy and tracheal intubation.
The significant increase in CVP for both groups following anesthetic induction are consistent with positive pressure ventilation applied by face mask and endotracheal tube after intubation. There were decreases in CI in group K at five and ten minutes after intubation and after the skin incision. There was a slight decrease in CI in group P and an insignificantly greater one in group K. Ketamine induction usually increases CI, but the drug can also produce hemodynamic depression during deep anesthesia, when sympathetic responses do not accompany its administration. 4 The circulatory stimulating effects of ketamine were largely abolished by fentanyl. 15 Decreases were seen in group K during skin preparation and draping, where minimal stimulation was applied.
The systemic vascular resistance index did not change significantly within groups at most measurement times, but it remained lower in group P one minute after the induction, as did the MAP. Propofol provides satisfactory anesthesia in patients undergoing CABG surgery, at the cost of decreased SVRI in patients with normal or low cardiac output states in cardiac surgery. 11, 16 During the study period, one group K patient was treated for hypertension after intubation, and two from group P were treated for hypotension after induction. This latter effect is to be expected, 4 and the episodes responded to the Trendelenburg position and infusion of 250 mL lactated Ringer's solution. The patient who required treatment for post-intubation hypertension had a starting MAP ≥ 105 mm Hg and had a satisfactory response to i.v. nitroglycerine.
Our ketamine, midazolam, and fentanyl induction regimen is associated with blunting of the cardiovascular response to laryngoscopy and tracheal intubation, without producing a significant fall in arterial pressure and heart rate during the period of minimal stimulation. Similarly, Raza et al. 17 showed that a combination of ketamine, midazolam, and sufentanil prevented the adverse hemodynamic changes caused by intubation, skin incision, sternotomy, and periaortic dissection during CABG surgery. The addition of an opioid to the ketamine-midazolam combination provided stable hemodynamics. 17 Interestingly, the use of ketamine did not produce a significant reduction in fentanyl usage.
The absence of bispectral index (BIS) monitoring could be regarded as a limitation of this study. We assessed the adequacy of anesthesia according to clinical responses and subsequently adjusted the sevoflurane concentration. Although the value of BIS monitoring is well known, some authors believe that it does not offer many advantages over the observation of clinical responses with regard to monitoring the depth of anesthesia. 18, 19 The combination of midazolam, fentanyl, and ketamine provided satisfactory induction conditions in patients undergoing CABG surgery. There were no adverse hemodynamic effects, ST-segment changes, or adverse hemodynamic changes from induction until the end of sternotomy. Although ketamine failed to clearly contribute to the level of analgesia, we consider the combination to be superior to propofol.
